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Available online 22 December 2014AbstractPurpose: To evaluate the shear bond strength of a new generation of glass ionomer (Glass Carbomer) to enamel versus a nano-filled
resin-modified glass ionomer (ketac Nano) and a conventional type after different storage periods.
Materials & methods: Crowns of 36 sound and freshly extracted human permanent molars were sectioned mesiodistally into two
halves. The convex buccal or lingual surface was gently ground with water cooled 200-, 400-, and 600-grit silicon carbide abrasive
papers successively to obtain flat enamel surfaces. The prepared specimens (n¼ 72) were divided into three main groups (24 each):
I (Ionofil Molar), II (Ketac Nano) III (Glass Carbomer). The specimens in each group were subdivided into three subgroups A, B&
C according to the storage period in artificial saliva. Shear bond strength between enamel surface and the bonded material was
measured using a universal testing machine at a cross head speed of 0.5 mm/min. All the debonded interfaces were examined under
both binocular stereo microscope at 40 and SEM at 200 to determine the mode of failure.
Results: Ketac Nano recorded the highest shear bond strength values (9.30 ± 0.67, 12.07 ± 0.76, 6.7 ± 0.73) followed by Ionofil
Molar, recording (5.25 ± 0.62, 7.82 ± 1.42, 5.91 ± 0.87) while the lowest values were found in Glass Carbomer specimens,
recording (2.17± 0.63, 6.66 ± 0.68, 5.72 ± 0.79). There was a highly significant difference in shear bond strength values among the
three different storage periods in all the tested materials (P < 0.0001). A positive correlation was recorded (R ¼ 9.3) between the
adhesive mode of failure and shear bond strength while a negative correlation was recorded (R¼ 4.5) between the cohesive mode of
failure and shear bond strength using Spearman's correlation test.
Conclusions: Storage time was a factor which significantly influenced both shear bond strength and mode of failure especially in
Glass Carbomer specimens.
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1 Polofil® Lux, halogen light, Voco, Germany.
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Restorative dentistry has seen a paradigm shift from
the invasive surgical approach laid by G.V. Black
“extension for prevention” to a minimally invasive
approach with advancement in diagnostic system and
revolution in adhesion technology [1].
An ideal material used for restoration should be
adhesive, tooth colored, resistant to wear [2], non-
toxic, biocompatible to the tissue [3].
A new era had begun in the world of dentistry since
the introduction of glass ionomer cement (GIC) in
1972 by Wilson and Kent, which have been considered
to be a leading restorative material so far as they
adhere to tooth structure [4], have an antibacterial ac-
tivity [5], negligible dimensional changes [6], release
fluoride [7], and can be used in different clinical situ-
ations such as luting of indirect restorations, lining,
basing and filling [8].
Unfortunately, the use of GI as a restorative material
was limited to areas of low masticatory forces [9] due
to their low mechanical properties which were also
affected by the powder/liquid mixing ratio of this
material [10]. Another drawback is the slow rate of
setting reaction which dictates postponing the finishing
and polishing procedure to an additional visit.4
Thus, several modifications and improvements were
introduced [11].
In the late 1980's, an attempt to enhance conven-
tional GIs was carried out through developing a hybrid
material that combines composite resin and GI [12].
Resin-modified glass-ionomers (RMGICs) are light
curable materials that allow for command set, less
sensitive to dehydration than conventional GICs, im-
mediate finishing and polishing following light curing
[13], extended working time [4] and demonstrate
higher flexural and diametral tensile strengths [14].
The shift towards the use of nano-fillers in esthetic
restorative materials supported the fact that the small
size allows finer polishing and smoother surface. At the
same time, the grain size is too small for dislocation
and higher strength can be obtained by incorporation of
such nano-fillers [15]. This trend was utilized to solve
the problems of esthetics and low wear resistance of
RMGICs, so another type of glass ionomers based on
nano-fillers was introduced, Glass Carbomer which
sets chemically [16].
The use of nanotechnology greatly increases the
reactive surface of the filling material, which in turn
leads to a better reaction. An organic carbon chain
additive, which is completely biocompatible, is alsoadded to Glass Carbomer to provide the material with
greater strength and increased transparency [17].
Although clinical trials would provide the ultimate
evidence of clinical performance of dental restorations,
preliminary and safety studies on dental materials
should be conducted in vitro [18].
Different methods can be utilized in vitro to eval-
uate the durability of the bond strength to tooth
structure. The shear bond strength test is one of these
methods which has been widely used as it was reported
to be easily performed [19].
2. Materials & methods
Thirty-six sounds & periodontally involved extrac-
ted human permanent molars were selected from pa-
tients, after signing a written consent, aging between
(35e45) years for this study. Teeth were cleaned from
tissue remnants and debris using periodontal curettes
then polished with slurry of pumice and water.
Teeth were examined to ensure they were free of
any visible hypoplastic defects, cracks or white spots
(demineralized enamel) using the blue light of a light
curing unit1 [20].
They were stored in refrigerated saline solution for
maximum 3 months as recommended by the ISO
norms (ISO. Guidance on testing of adhesion to tooth
structure.International Organization for Standardiza-
tion, 1994) [21].
Crowns of the collected teeth were separated from
the roots at cemento-enamel junction then, sectioned
mesiodistally into two halves by cutting parallel to the
long axis and facial surface using a low speed diamond
disk under continuous water cooling [22].
Custom made cylindrical metallic molds of 20 mm
length and 14 mm diameter were filled with chemically
polymerizing acrylic resin.2 Each metallic mold
composed of an external cylindrical part surrounded
another split metallic halves of 18 mm heighty12 mm
diameter (Fig. 1).
These two metallic compartments were adjusted
together by means of two external screws to facilitate
the insertion and removal the acrylic block from the
mold (Fig. 1).
Each crown half was embedded horizontally in the
acrylic resin making the buccal or lingual enamel
surface facing upwards (Fig. 2). Care was taken to
keep the experimental surfaces free of contamination
by acrylic resin.2 Imicryl, Konya, Turkey.
Fig. 3. Specially designed split Teflon mold.
Fig. 1. Components of the metallic mold with attached split Teflon
mold.
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were removed from the molds and the convex buccal or
lingual surface of the crown was gently and mechani-
cally ground with water cooled 200-, 400-, and 600-
grit silicon carbide abrasive papers successively to
obtain flat enamel surface [23].
A specially designed custom made split Teflon mold
(Fig. 3) 4 mm diameter/2 mm height [24] was secured
to the polished, clean and dry flat enamel surface prior
to application of the tested materials. This Teflon mold
was stabilized in its place by the mean of another split
metallic ring fitted inside the external cylindrical
metallic mold (Fig. 4).
The prepared specimens (n ¼ 72) were randomly
divided into three main groups (I, II and III) according
to the material used (24 each):Fig. 2. The crown half embedded horizontally in the acrylic resin
within the metallic mold making the buccal surface facing upwards.Group I: Ionofil Molar (control group), Group II:
Ketac N100 and Group III: Glass Carbomer
(composition& manufacture of each material are
mentioned in Table 1).
The specimens of each group were prepared,
applied and cured according to the manufacturer in-
structions. The recommended powdery liquid ratio of
the conventional ionofil molar was applied to dry and
clean glass slap. The powder was divided into two
portions then mixed with the liquid using a plastic or
metallic spatula until reaching the proper condensable
consistency (mixing time is 50e60 s). The mix was
directly applied into the Teflon mold using a plastic
instrument. The excess was removed and the materialFig. 4. Teflon mold secured to the polished, clean and dry flat
enamel surface prior to application of the tested material.
Table 1
The materials utilized in this study.
Materials Composition & form Manufacture
Ionofil Molar Conventional glass ionomer in the form of powder and liquid.
- Fluoro Alumino Silicate glass powder.
-poly acrylic acid.
-water.
Final varnish.
Voco, Cuxhaven, Germany.
Ketac Nano 1-Light curing nano-filled RMGIC in paste to paste form. (Two part
system):
I Aqueous paste: silane-treated ceramic (20e30%), Silane-treated
silica (20e30%), water (10e20%), HEMA (1e10%), acrylic/itaconic
acid copolymer (20e30%)
II-Non aqueous paste: silane-treated glass (40e50%), silane-treated
ZrO2 silica (20e30%), silane treated silica (5e15%), PEGDMA (5
e15%), HEMA (1e10%), Bis-GMA (<5%), TEGDMA (<5%).
2-Primer (one part visible light cure liquid)
Water (40e50%), HEMA (35e45%), acrylic-itaconic acid copolymer
(10e15%), photo initiators.
3M. ESPE, St. Paul, MN, USA.
Glass carbomer Nano filled carbomised glass ionomer restorative cement in capsules.
- Treated Fluoro Alumino Silicate glass powder with a poly (dia-
lkylsiloxane) having terminal hydroxyl groups wherein the alkyl
groups contain 1e4 carbon atomsean aqueous acid solution.
First Scientific Dental GmbH,
EImshorn, Germany.
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covering it with the recommended varnish. The mate-
rial was left to set (4e5 min) before separation of the
specimen from the mold.
For the Ketac Nano specimens, primer was applied
for 15 s on the prepared dry tooth surface Using a fiber
tip, then dried for 10 s using an air syringe followed by
light curing for 10 s maintaining the shiny appearance.
Equal volumes of each Ketac Nano paste were
dispensed onto a mix pad. Using a metal cement
spatula, the pastes were mixed together for 20 s until a
uniform color was achieved. A delivery tip was
immediately back loaded with Ketac Nano then
dispensed directly into the Teflon mold using a capsule
dispenser. One increment of 2 mm thickness was
dispensed and light cured for 20 s using LED curing
unit (blue phase C5).3
The capsule of glass carbomer was tapped on a hard
surface to loosen the powder then activated by inser-
tion into a universal capsule gun. The capsule contents
were mixed using a high frequency mixer (amalga-
mator) for 10e20 s. The mixed capsule was placed in a
universal applicator after removing the stop from the
nozzle then the material was extruded directly from the
capsule into the mold. A cotton pellet was used to
cover the surface of the material with surface gloss3 Ivoclar Vivadent AG, Liechtenstein.then placed under finger pressure and light cured with
the LED curing device (1000 mW/cm2) for (60e90)
sec where light cure device was used to enhance setting
reaction of glass carbomer not as photo initiator.
All specimens were load cycled and were thermal
cycled for 600 cycles from 5 C to 55 C with 30 s
dwell time, 20 s transfer time resembling 6 months of
clinical condition [25].
The specimens of each group were randomly sub-
divided into three subgroups A, B and C (8 specimens
each) according to the storage period (24 h, 3 months
and 6 months respectively).
Specimens of each subgroup were stored in artificial
saliva in an incubator at 37 C. The storage medium
(artificial saliva) was changed weekly to minimize the
risk of bacterial growth and maintain the PH of saliva
at 7.6 [26].
2.1. Shear bond strength test
At the end of each storage period, the specimens
were secured to the universal testing machine4 by
means of their metallic molds (Figs. 5 and 6).
The specimens were oriented so that the stainless
steel knife of the universal testing machine was4 Model Instron, comten industries inc., St. Petersburg Florida,
USA.
Fig. 6. Specimen secured to universal testing machine.
Fig. 7. The stainless steel knife of the universal testing machine
perpendicular to the interface between the tooth surface and the
tested material.
Fig. 5. Final specimen for shear bond strength test.
5 SZ-CTY Olympus, Japan.
6 JSM-5300 scanning microscope, JEOL, Peabody, MA, USA.
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face and the tested material (Fig. 6). The knife was
used to apply load at a cross head speed of
0.5 mmymin until debonding [27] (Fig. 7).
The fracture load was recorded and the shear bond
strength values were calculated according to the
following equation:
Shearbondstrength ¼ FracturedloadðKgÞ=SurfaceareaðCm2Þ:
The surface area (A) was calculated from the
following equation:
A ¼ pr2 where p ¼ 3.14 and r ¼ Radius of each
specimen ¼ 0.2 Cm
 so A ¼ 0.1256 Cm2
The shear bond strength values were converted into
MPa according to the following equation [28]:
MPa ¼ Kg=Cm2ðtheobtainedresultsÞ  0:098067:
The recorded data related to each group was
collected, tabulated and subjected to statistical analysis
using One Way ANOVA and HSD Tukey's tests.
Spearman's correlation test was performed to detect
the presence of a relationship between the shear bond
strength and mode of failure.
2.2. Mode of failure
All the deboned surfaces of the specimens were
examined by four different examiners (dentists) under
a stereomicroscope5 at magnification 40 to record the
mode of failure.
Failure was identified as “adhesive” if no observable
glass ionomer remained on the enamel surface and it
had a polished appearance. “Cohesive within ionomer”
if a visible thin coating or bulk amounts of glass ion-
omer remained on the enamel surface or “mixed type”
of failure if a mixture of both modes of failure was
observed [29].
For verification of the true mode of failure, all
specimens were inspected by Scanning Electron Mi-
croscope (SEM)6 at 200 fold magnification. Two
examiners determined the SEM failure patterns
together without knowing the patterns given at the
preceding microscopic inspections. Therefore, the
previous tabulated mode of failure was confirmed.
Fig. 8. Line graph showing the difference between shear bond
strength of the three tested materials through the different storage
periods.
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find out the relation between the mode of failure of the
different groups and subgroups.
3. Results
Using One Way ANOVA test; a statistical signifi-
cant difference was recorded between the three groups
concerning each tested storage period. After 24 h; there
was a highly statistical significant difference
(p < 0.0001) which was more obvious after storage for
3 months (p < 0.0001). However, this statistical sig-
nificance was diminished after 6 months storage
although it was present since p-value recorded (0.04).
This was clarified in Table 2.
3.1. Shear bond strength results
Concerning each tested group or material, as shown
in Table 2, Ketac Nano (group II) revealed the highest
shear bond strength values along the different storage
periods followed by group I (Ionofil Molar) while theTable 2
Statistical analysis of the mean shear bond strength values (Mpa) of the diff
Subgroup group Subgroup A
(24 h)
mean ± SD
Subgroup
(3 month
mean ±
Group I
(Ionofil Molar)
5.25 ± 0.62 7.82 ± 1
Group II
(Ketac Nano)
9.30 ± 0.67 12.07 ±
Group III
(Glass Carbomer)
2.17 ± 0.63 6.66 ± 0
F-test
(P-value)
273.84
(<0.0001)**
66.27
(<0.0001
F ¼ One Way ANOVA.
*Significant at (P < 0.05).
**Significant at (P < 0.001).lowest shear bond strength values were found in group
III (Glass Carbomer) (Fig. 8).
The statistical analysis of Variance (using One way
ANOVA test) considering the storage time as a factor
revealed a highly significant difference in shear bond
strength values among the three different storage pe-
riods in all the tested materials (group I, II and III)
recording P values of 0.0005, <0.0001 and <0.0001
respectively as shown in Table 2.
So, further statistical analysis using (Tukey's HSD
test) was performed to fetch out which period of
storage was responsible for the observed statistical
significance.
Tukey's HSD test recorded that the shear bond
strength in subgroup A was statistically different from
both subgroups B & C which were not significantly
different compared to each other assuming that the first
interval (24 h) was the cause of the recorded
significance.
3.2. Mode of failure results
Percentages of mode of failure in the different
subgroups are shown in Table 3.
Representative stereo microscope and scanning
electron microscopic pictures of each type of failure
(cohesive, adhesive & mixed) are shown in Figs. 9e11.
Regardless the different subgroups, Chi-square test
revealed the presence of a statistical significant dif-
ference related to both the adhesive and mixed modes
of failure (p ¼ 0.005 and p ¼ 0.033 respectively) while
the cohesive failure mode wasn't significantly different
(p ¼ 8.7) among the three tested groups. This is
obvious in Table 3.
Finally, Spearman's correlation test (at a signifi-
cance level p  0.05) was performed to find out the
presence or absence of a relationship between the shearerent GI materials at three different storage periods.
B
s)
SD
Subgroup C
(6months)
mean ± SD
F-test
(P-value)
.42 5.91 ± 0.87 13.7 (0.0005)**
0.76 6.7 ± 0.73 86.07 (<0.0001)**
.68 5.72 ± 0.79 52.2 (<0.0001)**
)**
3.79
(0.04)*
Table 3
Mode of failure of the tested materials.
Mode of failure Adhesive Cohesive Mixed Chi-square test c2 (p)
Group Subgroup
(Group I)
lonofil Molar
Subgroup A (24 h) 0 50% 50% 56.4(0)*
Subgroup B (3 months) 0 25% 75%
Subgroup C (6 months) 12.5% 12.5% 75%
(Group II)
Ketac Nano
Subgroup A 12.5% 25% 62.5% 32.7(0.0000013)**
Subgroup B 12.5% 12.5% 75%
Subgroup C 25% 0 75%
(Group III)
Glass Carbomer
Subgroup A 0 66.7% 33.3% 52.5(0)*
Subgroup B 0 16.7% 83.3%
Subgroup C 0 50% 50%
Chi-square test c2 (p) 10.41 (0.005)** 33.6 (8.7e-7) 10.43 (0.033)*
c2 ¼ Chi-square test.
*Significant at p < 0.05 level.
**Highly significant at p < 0.001 level.
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obtained.
One of the main results from the analytic investi-
gation was that a strong correlation had been found
between the mean bond strength values and the
observed failure mode.Fig. 9. a & b: Stereo microscope and SEM images of enamel side of de
(complete attachment of glass ionomer to enamel).
Fig. 10. a & b: Stereo microscope and SEM images of enamel side of d
(complete detachment of glass ionomer from enamel surface).A positive correlation was obtained between the
adhesive mode of failure and shear bond strength
values where R value recorded (9.3). The increase in
shear bond strength values was accompanied by an
increase in the adhesive percentage of failure mode as
found in group II.bonded specimen (Ionofil Molar) showing cohesive mode of failure
ebonded specimen (Ketac Nano) showing adhesive mode of failure
Fig. 11. a & b: Stereo microscope and SEM images of enamel side of debonded specimen (Glass Carbomer) showing mixed mode of failure
(some remnants of glass ionomer attached to enamel surface).
23E.A. Shebl et al. / Tanta Dental Journal 12 (2015) 16e27In addition, a negative correlation was obtained
between the cohesive mode of failure and shear bond
strength values where (R ¼ 4.5). A clear example is
group II which recorded the least percentage of
cohesive failure and the highest shear bond strength
values.
Also, this was seen in group III recording the least
shear bond strength values and the highest percentage
of cohesive failure, however, no percentage of adhesive
failure was recorded and this was true for all tested
storage periods.
On the other hand, no correlation was found be-
tween the shear bond strength values and the mixed
mode of failure regarding any tested group or storage
period.
4. Discussion
This in vitro study was performed to evaluate the
bond strength since it was reported that, bond strength
testing can reveal valuable clinical information, when
gathered in a well-controlled design. In vitro studies
testing GI cements typically have large standard de-
viations in bond strength values which make inter-
study evaluation and comparison difficult [30].
Shear bond strength is a simple and widely used test
to assess the bonding performance of restorative ma-
terials [31], particularly regarding the GICs, which
present low bond strength, other tests may offer great
difficulty to be applicable [29].
Currently, the tested material was (Glass Carbomer)
which is a modified glass ionomer cement used as a
restorative filling material or fissure sealant. It has the
ability to bond adequately and remineralize the tooth
surface since it contains nanocrystals of calcium
fluoro-apatite particles as claimed by the manufacturer.
Therefore, bonding procedures to enamel was currently
investigated.By introducing an aging factor into the study
design, one can assess the durability of adhesion.
Different artificial aging techniques can be used,
depending on the specific types of bond degradation
that are being investigated [32].
The most commonly used artificial aging technique
is long-term water storage. In a trial to mimic the
clinical situation more closely, artificial saliva can be
used but bond strength reductions obtained were
similar to those obtained with pure water degradation
[33]. Even enzymes can be added to the storage media.
For example, esterases that can be produced by bac-
teria in vivo which are able to catalyze the breakdown
of resin components [34]. In addition, load and thermal
cycling was performed to mimic the clinical conditions
[25].
Thus, in the current in vitro study, shear bond
strength was recorded after three different storage pe-
riods (24 h, 3 months and 6 months) in order to eval-
uate the effect of time on bond strength of glass
ionomer materials since the timeframe within which
GIC shear bond strength is measured is an important
consideration [35].
For all the tested groups, it was found that; shear
bond strength increased after three months compared
to the base line data (24 h).
A suitable explanation of this result is that after 24 h
of storage, maturation of the glass ionomer cement is
incomplete causing the lowest values of bond strength.
The improvement of the bond strength after three
months storage was due to aging which allow sufficient
time for complete cement maturation [36]. This was also
supported by Choudhari et al. [37] who reported that
adhesion between glass ionomer and tooth structure is
based initially on hydrogen bonding and over time ma-
tures and evolves into a stronger chemical bond.
Confirming the previous explanations, it was found
that, the recorded shear bond strength values after 6
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increase compared to the base line data.
However, bond strength values declined after pro-
longed storage period (6 months) regarding group II
which might be explained by hydrolysis of the bond or
dimensional shrinkage of the cement due to aging
caused by modification of the area of stress concen-
tration thus consequently weakened the bond in glass
ionomeretooth interface [36].
Another theory might present, variations in bond
strength of glass ionomer cements under the storage
time to be related to an equilibrium of factors that
increase strength, such as hydration of metal-
carboxylate links and maturation of polysalt matrix,
and those that decrease them, such as polymer matrix
hydrolysis, which occur at different times explaining
the importance of water sorption in the aging process
[38].
On the same time, the current results showed that,
Ketac Nano (RMGIC) recorded the highest shear bond
strength values compared to Ionofil Molar (control
group) and Glass Carbomer which agreed with those of
Arora et al. [39] who had stated that RMGIC demon-
strated improved mechanical and physical properties
than that of the conventional GIC.
The pre-conditioning step with the nano-primer was
supposed to improve the shear bond strength of nano-
filled resin modified glass ionomer (Ketac Nano) to the
tooth structure. Furthermore, conventional glass ion-
omers bond to tooth substrate by ion-exchange while
RMGIs bond to tooth substrate through both ion-
exchange and micromechanical interlock (dual mech-
anism of adhesion), as presented before by several
authors [40e44].
These results were also in agreement with Sur-
yakumari Nujella et al. [45] who found that mean shear
bond strengths of light-cured RMGIC materials
(9.71 Mpa) are significantly higher than that of con-
ventional glass ionomer materials (3.81 Mpa), which
might be due to the presence of light-activated resin
component hydroxyethyl methacrylate (HEMA) with
its superior wetting ability. The improved adhesion
values might be also due to the slowness of acidebase
reaction, which makes the polyacid available for longer
periods thus resulting in higher bond strengths.
The composition of the restorative materials can
interfere with their bond strength [38]. Materials con-
taining resin components in their composition have an
improved performance, with evidence of mechanical
interlocking. Some studies have demonstrated that the
2-hydroxylethylmetacrylate (HEMA) concentration inthe GIC formulation may contribute to the different
bonding abilities of such material [29].
On the contrary, Breschi et al. [46] reported that the
presence of high concentrations of hydrophilic mono-
mers in primers may produce incomplete polymeriza-
tion and water permeability, causing elution and
degradation of resin components, such as some self-
etch adhesive systems. Due to both water attractions
by HEMA and oxygen inhibition, hydrolytic degrada-
tion of Ketac Nano-tooth bond might be expected to
occur [47].
On the other hand, alterations in viscosity are
frequent and can interfere severely with the bond
strength of these cements [48]. When P/L ratio is
reduced, there is a decrease in the ion release process
and consequently, the cross links present lower
strengths which can be reduced more rapidly. However,
at high P/L ratios, unreacted particles can act as stress
concentration points and also reduce strength [49].
Therefore, this may explain that the currently con-
ventional type of glass ionomer recorded lower shear
bond strength values than those of Ketac Nano group.
An experimental technique which is not yet fully
established by which the cements hardening is sub-
stantially accelerated with ultrasonic or heat treatment
was reported to solve many problems related to the
slow setting of glass ionomers and enhance their me-
chanical properties [4].
The manufacturer recommended the use of further
heat treatment on the tested material (Glass Carbomer)
which was not followed in the current research
assuming that this might be a reasonable explanation of
the low shear bond strength values recorded for group
III.
In addition, the results of Glavina et al. [50] study
reported that enamel shear bond strength of Glass
Carbomer (13.7 MPa) was significantly higher than
that of conventional GIC (6.7 MPa) after being heated
with three different LED polymerization units
(1000 mW/cm2, 1200 mW/cm2, 1600 mW/cm2) and no
statistically significant differences in the shear bond
strength of Glass Carbomer material regarding the use
of different polymerization units were observed.
Accordingly, in the current study, LED curing unit
(1000 mW/cm2) was chosen for curing of the tested
material (Glass Carbomer).
Confirming the bond strength results, examination
of fracture mode of the tested specimens showed that
mixed and cohesive modes of failure were predominant
among the Ionofil Molar and Glass Carbomer tested
groups while adhesive mode of failure had the least
25E.A. Shebl et al. / Tanta Dental Journal 12 (2015) 16e27incidence however in Ketac Nano group the adhesive
failure was greater than the cohesive one.
Explaining the mixed mode of failure of the tested
Ionofil Molar and Glass Carbomer specimens might be
due to the low resistance of GIC to early wear and the
formation of glass ionomer matrix. Therefore, part of
the glass ionomer remained adhered to the tooth
structures, while part was broken at the interface GIC-
tooth. Another explanation might be due to the
chemical bonding of GICs to the tooth structure [51].
This was confirmed by explaining that, the longer
term studies have shown an ion exchange process at the
interface between the GIC cements and the calcified
structures consisting of a complex of carboxyl, calcium
and phosphate ions, derived from the cement, the
enamel and dentine. This ion exchange layer is a few
micrometers thick, and is extremely strong and results
in the formation of a distinct interfacial region with
time [52].
Another point of view presented that, during bond
strength testing, the glass-ionomer fails cohesively
before the ion-exchange layer fails i.e. cohesive failure
in the cement rather than adhesive failure at the
interface with tooth structure, and this complicates the
interpretation of bond strength testing in the laboratory
[53].
The current results were in agreement with some
previous studies [54e57] and disagreed with Wang
et al. [29] who revealed predominant adhesive failure
mode.
It was also reported that, the presence of cohesive
and mixed failures for GIs means that bond represent
only the tensile bond strength of the cement rather than
the strength of the toothecement interface [12,43,58]
which may indicate that the interfacial strength of the
bond is actually higher than the inherent strength of the
material [59]. Another explanation was that, the
degradation process of glass ionomer with prolonged
time was due to decreased material properties rather
than to decreased bonding potential [32]. However the
formation of this ion exchange layer has been claimed
to be the reason for the long term durability of the
adhesive bond formed by these cements [60].
This explanation was also confirmed by several
authors [61e64] who considered that no relation exists
between fracture type and adhesion strength which was
not true currently except for the mixed type of failure
mode.
The tested Glass Carbomer material showed only
cohesive and mixed failure modes while no adhesive
mode of failure had been detected. This might be due
to the findings of Koenraads et al. [17] who stated thatall glass ionomer restorations showed fracture lines
within the material (cohesive failure).
In addition, it was recorded that, the higher the bond
strength of group II, the higher the rate of adhesive
failure compared to groups I and III. However, this was
only in 12.5% of samples while the mixed mode of
failure was nearly in 75% of samples. This low per-
centage can explain the strong disagreement shown in
the researches done by Leloup et al. [65] and Braga
et al. [66] who found a significant positive correlation
between shear bond strength and the rate of cohesive
failure. Currently, we emphasized that under higher
magnifications, the incidence of mixed & cohesive
failure modes might have been even higher. However,
it still remains speculative how failure site descriptions
should be valued.
In contrast, Furuse et al. [67] concluded different
results, showing lower bond strength values which
were significantly correlated with mainly adhesive
fractures.
Also the current statistical correlation indicated
that, the increase in cohesive failure of group III was
associated with decrease in the shear bond strength
compared to group I and/or II at 24 h or 6 months
storage period which was recorded as 66.7% and 50%
respectively. This agreed with Leloup et al. [65] and
Kanehira et al. [68] but it was an interesting summa-
rizing observation which indicated an increase in the
bond strength related to the higher rate of cohesive
failure however, it still leaves the question open, which
factors might be responsible for the high bond strength
and the associated cohesive failure mode. Currently,
the storage time was one effective factor.
As shown in this part, commonly reported failure
modes from deboned macro shear tested specimens, as
assessed by low magnification microscopy, are inves-
tigator e dependent and thus not very useful to shed
light on the efficacy of the tested variables on the
bonding quality acquired. SEM inspection, which was
used in the current research, is surely advisable but
costly and time consuming. An alternative simple
method to improve detection of characterization of the
failure pattern by light microscopy was recorded by
Kanehira et al. [68] who pretreated the fracture site
with a droplet of acid followed by slight rinsing to
enhance differentiation between the non-affected resin
surface and the acid etched enamel or dentin area
exposed.
5. Conclusions
In conclusion: under the limitations of this study,
26 E.A. Shebl et al. / Tanta Dental Journal 12 (2015) 16e27i. The durability or the maturation of the three tested
glass ionomer materials was acceptable.
ii. Maturation of bond strength was related to the
mode of failure.
iii. In addition to the difficult practical manipulation
and application, the shear bond strength of Glass
Carbomer was low compared to the conventional
glass ionomer in contrast to the claims of the
manufacturer.
iv. In spite of recording low shear bond strength, Glass
Carbomer tested material exhibited no adhesive
mode of failure which is considered an advantage
in the routine clinical practice of restorative
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